In this research, we studied the relation of research and development (R&D) investment to turnover and number of listed companies by using the financial information of publicly listed enterprises in all industrial fields of the world from 2007 to 2015. First of all, the present condition (as of 2017) of number and distribution of publicly listed enterprises was investigated. Secondly, the industrial areas having top 10 average turnovers and R&D expenses during 9 years (2007~2015) were analyzed by using their descriptive statistics and CAGR values. Finally, the analyses of correlation and linear regression were performed by using average R&D expense (independent variable) and average turnover or the number of listed enterprises (dependent variables). In other words, two models with different combination of independent and dependent variables (Model A: R&D expense and turnover, Model B: R&D expense and number of listed firms) were developed for the statistical analyses. As a result, it was confirmed that both the turnover and the number of listed companies were influenced by the R&D investment because the coefficients of determination for Model A and Model B were 0.686 and 0.612, respectively (both pvalues < 2.2 × 10 − 16 ). From the results of this study, it is expected that the unlisted firms (e.g., start-up companies) can build the basis of their growth and innovation when they invest in R&D higher inducing the increases in (1) turnover and (2) probability of becoming a listed firm. Thus, the financial information of enterprises can be utilized effectively as the quantitative evidence in order to develop the research model and methodology related to their growth and innovation.
Introduction
Since industrial trends are being changed very quickly under globalization of world economy in recent years, it is very important to find the opportunities of growth and innovation through research for trends of various industrial areas and government support systems (Patra and Krishna, 2015; Kim et al., 2016; Jeong and Ko, 2016; Yun et al.,2016) . In order to search for the promising industrial fields, the financial information of enterprise has achieved a great deal of attention recently (Carp and Mironiuc, 2015; Marilena and Alina, 2015) . It is because the worth of business and the tendency of industry are very closely related to the financial data of companies including turnover, research and development (R&D) investment, R&D intensity, and so on. The R&D intensity is the ratio of R&D investment to turnover (Montresor and Vezzani, 2015) . Recently, its level of enterprise or country and effect on the innovation performance is being studied (Goschin, 2014; Karahan, 2015; Doruk, 2015; Savrul and Incekara, 2015) . It indicates that the study for relationship between R&D expenditure and turnover has received high research interests. Also, the relation between the business ability and the R&D expenditure is being investigated by many researchers (Bočková and Meluzín, 2016; Ugur et al., 2016a, b) . In other words, the effect of R&D investment on the growth and the innovation of companies has been studied and it is very important. The financial information of enterprises in the whole world utilized in this study was obtained from the ORBIS database of Bureau van Dijk. The ORBIS database is being widely used to gain the enterprise data (Martin et al., 2014; Kwon et al., 2016; Faria and Andersen, 2017) . Moreover, the forecast of market and technology opportunities/trends in the future based on the financial data of companies as the quantitative evidence is very significant because the enterprises are able to search for their proper industrial areas by utilizing the result of market/technology prediction.
In our previous work, the method for selecting industrial areas suitable to small and medium-sized enterprises (SMEs) in Korea was investigated . The aim of present work is to study the relation of R&D expense to turnover and number of listed enterprises in all industrial fields of the world by using the financial information of enterprises as the quantitative evidence. We expect that the result of this study can be used for the unlisted companies (e.g., start-up firms) to build the basis for their growth and innovation accompanied by increasing in turnover and becoming a listed enterprise from higher investment in R&D. To achieve this goal, number, turnover, and R&D investment of publicly listed companies in the world by the US Standard Industrial Classification (US SIC) primary code from 2007 to 2015 were utilized as the company data. Then, the relationship of R&D investment to turnover and number of listed enterprises in all industries was studied by using the analyses of correlation and linear regression. Socea (2012) studied the role of financial data for decision-making by managers of companies. From this previous work, it was found that the financial information has the following effects on the managers: (a) assisting them in knowing the past and the present situations of their enterprises, (b) providing a quantitative overview of their companies, (c) preparing the activities and decisions for their future, and so on. Babkin et al. (2015) investigated the influence of innovation strategies and R&D investment on the performance of information technology (IT) enterprises. They discovered the correlation between innovation strategies and performance of enterprises. In addition, the result of their study showed that increase in R&D expense makes larger revenue for companies. Pilinkienė (2015) analyzed the effect of R&D expenditure on the competitiveness of companies in the Baltic States. This previous study obtained the correlation matrix between the chosen indicators including competitiveness index, GDP growth rate, and R&D investment in particular Baltic States. Also, they suggested with a policy perspective that the success in economic growth and the increase in country's competitiveness for the Baltic States can be achieved by using R&D expense more efficiently. Malichová and Ďurišová (2015) estimated the financial performance of companies operating in the sector of IT using the setting of financial indicators such as return on assets (ROA), return on equity (ROE), return on sales (ROS), and so on. By utilizing those financial indicators, they investigated the operating results of enterprises and suggested the identification of important features to accomplish high performance with continuation of finding their changes of financial performance in the sector of IT. Lee and Choi (2015) studied the effect of the financial structure of pharmaceutical businesses on the R&D expense for making a profit source in the next generation or develop the cost-effective medicines for improving the value of company. From their work, the results for the influences of various indicators on the R&D expenditure were as follows: (a) a positive effect of the current ratio, (b) a negative influence of the debt ratio, and (c) little effect of the net sales growth rate. Kretschmer and co-workers (2016) used the financial data such as sales and assets of enterprises from the ORBIS database in order to study the cloud adaptiveness within the sectors of industrial fields by merging them with the technology information offered from the Harte Hanks technology database for 13 countries in Europe from 2000 to 2007. Castellani et al. (2017) investigated the influences of multinationality on the productivity of business by using the ORBIS database. In addition, they found a positive effect of multinationality on the worth of R&D intensity defined in their study as the ratio of R&D expense of company to the number of its workers. Braganza and co-workers (2017) utilized the ORBIS database for enterprises in the world as one of various data sources about businesses, venture capital transactions, academic papers, patents, and so on. They developed an archetype business procedure for the initiatives of big data and the parts needed to handle the resource of big data effectively.
Literature review
As above-mentioned, many researchers are using the financial performance of enterprises in order to investigate its various effects on the activities of companies such as productivity and R&D. Also, some works mentioned in this section studied the correlation among the financial data of companies (e.g., profitability and R&D). However, in the most previous works, the influence of financial information for specific industries such as pharmacy and IT were studied. On the other hand, in this research, we analyzed the financial data for all industries of the world from a macro perspective and then the correlation and linear regression analyses were performed by developing two models with different combination of independent and dependent variables (1. R&D expense and turnover; 2. R&D investment and number of listed enterprise) to investigate the influence of R&D expense on turnover and number of listed companies.
Data and methodology

Data
The ORBIS database of Bureau van Dijk updated on 11 May 2017 was utilized in this study. It contains the business data such as financial information, trade description, products, and services in the world (about 200 million companies). In this research, the financial information of publicly listed enterprises was mainly focused for analyzing the relation of R&D investment to turnover and their number in all industrial fields of the world. The US Standard Industrial Classification (US SIC) is the systematic classification assigned by US government in order to identify the industrial activities of companies. It is comprised of total 11 divisions and they are divided into 83 major groups (2-digit level), 416 industry groups (3-digit level), and 1005 industries (4-digit level). Furthermore, the US SIC primary code of each company is decided by its first line of business (e.g., its business area generating the highest profit). The raw data from the ORBIS based on the list of individual enterprises in the 4-digit level of the US SIC primary code was merged into its 2-digit level to gain the figures related to (a) number of listed businesses (2017), (b) turnover (2007~2015), and (c) R&D expenditure (2007 2015) . The turnover used in this study means the total operating revenues including net sales, other operating revenues, and stock variations. Also, it does not include value added tax (ORBIS database). The definition of R&D investment is the total amount of expenses on R&D activities (ORBIS database). Moreover, thousand US dollar (USD) was used as a currency unit in this study. The overall procedure to analyze the company-related data is composed of total 4 steps. First of all, the number and the ratio of listed businesses in each US SIC code were obtained in order to observe their distribution in all industrial fields. Secondly, the top 10 average turnovers with their compound annual growth rate (CAGR) figures and descriptive statistics for each US SIC primary code were gained to analyze the industrial trends in the viewpoint of market circumstance. Thirdly, the top 10 average R&D expenditures with their CAGR values and descriptive statistics were calculated to comprehend the trends of industry about research activities of listed enterprises. Finally, investigation into relation of R&D expense to turnover and number of listed companies in all industries was performed through correlation and linear regression analyses. In this step, among 83 major groups (2-digit level), total 6 codes were excluded in the viewpoint of independent variable (R&D expenditure from 2007 to 2015) by the following two reasons: (1) No R&D investment (43 -United States postal service, 81 -Legal services, 88 -Private households, 91 -Executive, legislative, and general government, except finance, and 99 -Nonclassifiable establishments) and (2) Very small average R&D expense (93 -Public finance, taxation, and monetary policy, 0.52 thousand USD).
Methodology
The scheme for the goal of this work to study the relation of higher R&D investment to increase in turnover and becoming a listed enterprise in the viewpoint of unlisted company (e.g., start-up enterprise) is illustrated in Fig. 1 . If there is a positive linear relation of R&D expense to turnover and number of listed enterprises in all industrial areas, it is expected that the unlisted firms are able to build a basis of their growth and innovation through investment in R&D highly for enhancement of turnover and becoming a listed firm. Thus, the expense in R&D was selected as an independent variable for analyses of correlation and linear regression in this study.
Among all of listed and unlisted businesses in the whole world, the listed enterprises were chosen as the target of information analysis in this research. This is because their financial data with more stable financial position than the unlisted firms can be utilized as the representative for each industrial field. In Table 1 , the search strategy to gain the number of publicly listed companies in the world by utilizing the ORBIS database is presented. The search condition and result (number of enterprises) of each step are as in the following: (1) all businesses (204, 523, 868) , (2) active companies (163, 191, 236) , (3) publicly listed enterprises (65,639), (4) public announcement of financial statement based on the consolidation code (62,592), (5) accounting practice by International Financial Reporting Standards (IFRS) or Local Generally Accepted Accounting Principles (Local GAAP) (62,592), (6) accounting template of industrial companies excluding their branches (59,573), and (7) presence of US SIC primary code for the listed companies (59,430). The number of publicly listed enterprises in the whole world by the US SIC primary code (2-digit level) was obtained to study their distribution in all industries. Also, their turnover and R&D expense based on the US SIC primary code during 9 years (2007~2015) were calculated and utilized as the financial indicators for analyzing the trends of industry.
Also, correlation and linear regression analyses were performed by using R (an open source programming language, R Core Team, 2017) to study the relationship of R&D expense (one independent variable) to turnovers and number of listed companies (two dependent variables) in all industrial areas of the world. For statistical analysis, natural log values of average R&D expense (thousand USD), average turnover (thousand USD), and number of listed enterprises were used. Above all, we tried to confirm the correlation between (1) R&D investment and turnover and (2) R&D expense and number of listed enterprises. Then, the effects of change in the independent variable on two dependent variables were studied by using the linear regression analysis.
Results and discussion
Study for number and distribution of publicly listed enterprises
As one of dependent variables, the number of listed companies in all industrial fields was investigated. Table 2 presents the number and the ratio of listed companies in the world based on the US SIC primary code (2-digit level). Among 83 major groups, the largest number of listed businesses was observed in the area of business services (4524 enterprises, 7.61%). In the next ranking, the industrial fields of (a) chemicals and allied products (3889 companies, 6.54%), (b) electronic and other electrical equipment and components except for computer equipment (3597 businesses, 6.05%), and (c) nondepository credit institutions (3270 enterprises, 5.50%) had the high ratio of distribution. On the other hand, the listed companies were not observed in two US SIC primary codes (88 -private households and 99 -nonclassifiable establishments). Also, we found very low ratios of the publicly listed enterprises in the fields of (a) museums, art galleries, and botanical and zoological gardens (7 companies), (b) United States postal service (6 enterprises), and executive, legislative, and general government except for finance (4 businesses). From these results, we expect that the distribution based on the US SIC primary code of listed enterprises in the whole world can provide the chance for the unlisted firms to observe the industrial areas appropriate for their business situation.
Investigation into industrial areas of top 10 average turnovers and their descriptive statistics from 2007 to 2015
To study for the industrial trends by utilizing the dependent variable of statistical analyses, we obtained the average turnovers and their descriptive statistics of all US SIC major groups from 2007 to 2015. This is because the turnover of enterprise is a basic indicator to determine its status of finance and business activities (Limanlı, 2015; Ugur et al., 2016a, b) . As listed in Table 3 , the highest average turnover was observed in the area of transportation equipment (3,414,020,116 thousand USD). The industrial field of oil and gas extraction was in the second place for the average turnover (2,816,148,067 thousand USD). However, the CAGR figures of US SIC primary codes showing the top 2 average turnovers (1.88% and 0.52%) were not large compared to those of other areas (2.07%~7.44%) among the top 10 list in Table 3 except for the fields of petroleum refining and related industries (− 1.82%). On the other hand, the industrial areas of (a) food and kindred products and (b) business services having the ninth and the tenth places for the average turnovers had relatively high CAGR (5.69% and 7.44%, respectively). Also, the difference between average turnover and its median was smaller than 7.8% in all top 10 industrial fields of Table 3 . In addition, the largest and the smallest values of standard deviation were found in the areas related to oil and gas extraction (602,844,769 thousand USD) and electronic and other electrical equipment and components, except computer equipment (194, 836 ,027 thousand USD), respectively. Moreover, the greatest span between the maximum and the minimum turnovers was observed in the field of oil and gas extraction (1,488,479,264 thousand USD). From these results, it was found that the turnover of Oil and gas extraction code showed the largest variation among its top 10 industrial areas from 2007 to 2015.
Research on industrial fields of top 10 average R&D investments and their descriptive statistics from 2007 to 2015
We computed the average R&D expenses as an independent variable for statistical analysis and their descriptive statistics from 2007 to 2015 for studying the degrees of research activities of publicly listed businesses based on the US SIC primary codes (Table 4 ). The figures of average R&D investments and their CAGR can be used to study the industrial trends in the viewpoint of research activities/programs of enterprises (Sandu and Ciocanel, 2014; Jin et al., 2016; Elitok et al., 2016; Kang and Cho, 2016) . As shown in Table 4 , the largest figure of average R&D expenditures was observed in the industrial field related to chemicals and allied products (151,884,109 thousand USD). In addition, among top 10 US SIC primary codes of average R&D investments, the industrial area of business services showed the highest CAGR value (11.19%). However, the amount of R&D expense decreased in the field of communications (CAGR value: − 1.05%). Interestingly, total 9 US SIC codes of Table 4 were identical to those of Table 3 although their rankings were different each other. From these results, it is expected that the company having high turnover makes an investment in the R&D expenditure with large value. In addition, the span between average R&D expenditure and its median was smaller than 10.1% in the list of Table 4 . Moreover, the greatest and the least standard deviation figures were observed in the codes of Chemicals and allied products (16,847,820 thousand USD) and Communications (1,080,100 thousand USD), respectively. Also, the largest difference between the maximum and the minimum R&D expenses was found in the code of Chemicals and allied products (51,369,100 thousand USD). Therefore, it was confirmed that the largest variation of the R&D investment among codes in Table 4 was observed in the code of Chemicals and allied products. Analyses of correlation and linear regression between R&D expense and turnover (model a)
In order to investigate the relation between average R&D investment (independent variable) and average turnover (dependent variable) during 9 years (2007~2015) in all industrial areas (total 77 major groups, 2-digit level) of the world, the correlation and the linear regression analyses were performed for the Model A as listed in Table 5 . The correlation coefficient of the Model A (R A ) was 0.828 and it means that there is a strong direct (increasing) linear relationship between two variables. Since the p-value of the Model A (p A ) was very small (< 2.2 × 10 − 16 ), it is clear that R&D expense and turnover have the correlation. Also, the linear regression equation between two variables was obtained by using their natural log values (Table 5 and Fig. 2 ). Regression equation from the Model A: y A,n = 0.583 × x n + 11.379 (n: US SIC code). In other words, x n and y A,n mean the average R&D expense and the average turnover by the US SIC primary code, respectively. The coefficient of determination for the Model A (R A 2 ) was 0.686. Thus, we can say that the change in the R&D expense affects the turnover in the level of industrial fields although they may not have causal relationship. For example, the increase in the turnover of specific US SIC code is related to the enhancement in its R&D investment. In addition, the residual standard error of the Model A (RSE A ) was 1.229. In this work, the residual figure is the difference based on the natural log between the actual value and the estimated value obtained from the regression equation. The RSE A indicates that there is the error of 1.229 when the Model A is used to predict the turnover.
Analyses of correlation and linear regression between R&D investment and number of listed enterprises (model B)
The relation of average R&D expenditure (independent variable) to number of listed companies (dependent variable) was analyzed by using their natural log figures (Model B). The scope of analysis such as US SIC primary codes and period was the same as that of Model A. As shown in Table 5 , the correlation coefficient for the Model B (R B ) was 0.782 and the p B was less than 2.2 × 10
. From these results, it was found that there is the correlation between the R&D investment and the number of listed companies. In addition, the following regression equation for the Model B could be achieved (Table 5 and Fig. 3 ). All statistical figures were computed by using the natural log values of average R&D expenses (thousand USD), average turnovers (thousand USD), and number of listed enterprises The subscripts "i" and "n" in this Regression equation from the Model B: y B,n = 0.390 × x n + 0.883 (n: US SIC code). The value of R B 2 was 0.612 and this indicates that the number of listed enterprises is influenced by the change of R&D expense. In other words, there is the relationship between the higher R&D expenditure of specific industry and its more number of listed companies. Also, the RSE B was 0.968 and it is smaller than RSE A . This result is caused by the difference in the scale of dependent variables between the Model A (turnover) and the Model B (number of listed companies).
Conclusions and future work
In conclusion, the relation of R&D expense to the turnover and the number of listed companies in all industrial areas of the world from 2007 to 2015 was studied by using the analyses of correlation and linear regression based on the US SIC primary code. Through the overall procedure of this work, it was found that both the turnover and the number of listed enterprises were affected by the R&D investment. Therefore, we expect that the unlisted companies (e.g., start-up firms) are able to develop the basis of their growth and innovation as they invest in R&D higher which can induce the increases in (1) turnover and (2) probability of becoming a listed enterprise. However, the main limitations of this work are as in the followings: (1) using only three variables (turnover, R&D expense, and number of listed companies) and (2) performing only simple linear regression analysis. As the future research, it is needed to perform the multiple linear regression analysis using more kinds of financial information (e.g., cost of goods sold, gross profit, net income, and so on) for all listed enterprises in the whole world. In addition, the specific industry areas (3-digit or 4-digit level) included in the major groups of US SIC primary codes (2-digit level) showing the high figures of turnovers and R&D expenditures can be studied. Also, the comparative analysis of financial data among nations in a global sense can be performed. Therefore, it is expected that the above-mentioned future work can be performed effectively by using the results of this research in order to develop more advanced model and methodology based on the financial information of companies as the quantitative evidence.
